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1
METHOD FOR REDUCING THE THICKNESS
OF AN SOI LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for manufactur-
ing an SOI wafer, and more particularly to a method for
manufacturing an SOI wafer for bonding two wafers to form
a thin-film SOI layer by delamination and then further reduc-
ing a film thickness of the SOI layer.

2. Description of the Related Art

To reduce a parasitic capacitance and increase perfor-
mances of a semiconductor device, a silicon-on-insulator
(SOI) wafer having a single-crystal silicon layer formed on an
insulator has been widely utilized. In recent years, a demand
for a thin-film SOI having an SOI layer (a single-crystal
silicon layer on an insulator) of 100 nm or below has been
increased to fabricate a complete depletion layer type SOI
device. That is because an increase in speed of the device by
reducing a film thickness of the SOI layer can be expected.

As one of typical methods for fabricating an SOI wafer,
there is an ion implantation/delamination method. As one of
such methods, there is a Smartcut method (a registered trade-
mark). According to this method, a hydrogen ion is implanted
into a single-crystal silicon wafer or a single-crystal silicon
wafer having an oxide film formed on a surface thereof (a
donor wafer), this wafer is bonded to a support wafer (a
handle watfer) and then heated to a temperature close to 500°
C., the donor wafer is delaminated along a hydrogen ion
implanted interface, a single-crystal silicon thin film is trans-
ferred to the handle wafer, and a heat treatment is subse-
quently performed at a high temperature (approximately
1100 to 1200° C.) by a method for polishing the surface
roughened due to a heat treatment to provide a mirror surface
or by using an inert gas such as argon or an inert gas having
hydrogen added thereto, thereby smoothening the surface
(see, e.g., Japanese Patent No. 3048201, Japanese Patent
Application Laid-open No. H11-145438, and A. J. Auberton-
Herve et al., “SMART CUT TECHNOLOGY: INDUS-
TRIAL STATUS of SOl WAFER PRODUCTION and NEW
MATERIAL DEVELOPMENTS” (Electrochemical Society
Proceedings Volume 99-3 (1999) pp. 93-106)).

However, this method has several problems. Since delami-
nation of the donor wafer is performed by a heat treatment for
generating small cavities called micro cavities on the hydro-
gen ion implanted interface, surface roughness occurs on the
surface after delamination. According to Science of SOI,
Chapter 2, Realize corporation, a difference of elevation of
approximately 65 nm in terms of Peak to Valley (P-V) occurs
even in a very narrow region of 1x1 pum. In light of an entire
wafer region, it can be considered that a difference of eleva-
tion of 100 nm or above occurs. Therefore, a polishing
amount of 100 to 150 nm or above is required in order to
polish a surface of the SOI layer to eliminate irregularities on
the surface of the SOI layer.

In general, accurately and uniformly polishing a surface to
obtain a target thickness is difficult in a polishing process
called CMP (chemical mechanical polishing). That is because
constantly keeping conditions of a radial balance of various
factors (e.g., a pressure or a supply amount of a slurry) con-
cerning polishing or a polishing pad in a fixed state is difficult.
For example, considering a case where an SOI layer having a
film thickness of 250 nm immediately after donor wafer
delamination to 100 nm, even if a radial fluctuation of a
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polishing stock removal is £10%, a film thickness of a result-
ant SOI layer is 85 to 115 nm, thereby leading to a film
thickness fluctuation of 30%.

On the other hand, in regard to the method for flattening a
surface of an SOI layer based on a heat treatment, a lengthy
heat treatment of 1100° C. or above is usually required in
order to flatten irregularities on the surface of the SOI layer
based on the heat treatment. Adding the heat treatment results
in occurrence of a problem of; e.g., management of contami-
nation due to a high-temperature process, an increase in cost,
or a reduction in productivity. Further, in case of a substrate
other than that formed of single-crystal silicon, e.g., a quartz
substrate, a glass-transition temperature is near 1050° C., and
flattening the surface based on a high-temperature heat treat-
ment may be difficult. Therefore, this method is not desirable.

Furthermore, the method called an SiGen method for bond-
ing two wafers and then mechanically performing delamina-
tion at aroom temperature (see, e.g., Specificationin U.S. Pat.
No. 6,263,941, Specification in U.S. Pat. No. 6,513,564, and,
Specification in U.S. Pat. No. 6,582,999) also has the same
problem as that of the Smartcut method and others, and an
SOI layer after delamination must be polished for approxi-
mately 0.1 um to be removed.

Moreover, as a method for fabricating a thin-film SOI layer,
there has been proposed, e.g., a PACE (Plasma Assisted
Chemical Etching) method (see, e.g., Japanese Patent Appli-
cation Laid-open No. H5-160074) for previously measuring a
film thickness of an SOI layer after delamination and scraping
the thin film while applying correction in accordance with a
film thickness distribution thereof to fabricate a uniform thin-
film silicon layer or a GCIB (Gas Cluster lon Beam) method
(see, e.g., Japanese Patent Application Laid-open No.
H8-293483). It can be said that both the methods can meet an
object of obtaining an SOI layer having high film thickness
uniformity since etching can be performed while correcting a
film thickness fluctuation by scanning an entire wafer surface
with a plasma or an ion beam having a diameter of several mm
to several cm.

However, these methods have a drawback. As different
from the method of polishing the entire wafer surface at a time
like CMP, a processing time becomes considerably long as
compared with that of regular CMP and productivity is low-
ered since the entire wafer surface is scanned with a plasma
nozzle or anion beam having a small diameter. In recent years
in particular, since an increase in a required diameter of an
SOI wafer has been advanced, the problem is becoming more
serious.

SUMMARY OF THE INVENTION

To solve such a problem, it is an object of the present
invention to provide a method for manufacturing an SOI
wafer having high film thickness uniformity of an SOI layer
with excellent productivity.

To achieve this object, according to the present invention,
there is provided a method for manufacturing an SOI wafer
comprising at least: a step of preparing a handle wafer and a
donor wafer formed of a silicon substrate; an ion implantation
step of implanting at least one of a hydrogen ion and a rare gas
ion into the donor wafer to form an ion implanted layer; a
bonding step of bonding an ion implanted surface of the donor
wafer to a bonding surface of the handle wafer; a delamina-
tion step of delaminating the donor wafer at the ion implanted
layer to reduce a film thickness of the donor wafer, thereby
providing an SOl layer; and an etching step of etching the SOI
layer to reduce a thickness of the SOI layer, wherein the
etching step includes: a stage of performing rough etching as
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wet etching; a stage of measuring a film thickness distribution
of the SOI layer after the rough etching; and a stage of per-
forming precise etching as dry etching based on the measured
film thickness distribution of the SOI layer.

As explained above, according to the method for manufac-
turing an SOI wafer for etching the SOI layer at the etching
step including the stage of performing rough etching as wet
etching, the stage of measuring the film thickness distribution
of'the SOI layer subjected to rough etching, and the stage of
performing precise etching as dry etching based on the mea-
sured film thickness distribution of the SOI layer, etching can
be carried out at a relatively high etching rate on the rough
etching stage, and film thickness uniformity of the SOI layer
can be increased on the precise etching stage. As a result, at
the entire etching step for the SOI layer, a high polishing rate
and high film thickness uniformity can be obtained, and hence
the SOI wafer having the SOI layer with high film thickness
uniformity can be manufactured with excellent productivity.

In this case, an etching removal on the precise etching stage
can be set smaller than an etching removal on the rough
etching stage.

When the etching removal on the precise etching stage is
smaller than that on the rough etching stage in this manner,
the SOI wafer having the SOI layer with high film thickness
uniformity can be further efficiently manufactured.

Moreover, an etching technique on the precise etching
stage can be a PACE method or a GCIB method.

When the etching technique on the precise etching stage is
the PACE method or the GCIB method in this manner, a
highly flat surface of the SOI layer can be obtained.

Additionally, a silicon substrate as the donor wafer can be
a single-crystal silicon wafer or a single-crystal silicon wafer
having a silicon oxide film formed on a surface thereof.

As explained above, as the silicon substrate that is the
donor wafer, a single-crystal silicon wafer or a single-crystal
silicon wafer having a silicon oxide film formed on a surface
thereof can be used.

Further, it is preferable that the handle wafer is any one of
a single-crystal silicon wafer, a single-crystal silicon wafer
having a silicon oxide film formed on a surface thereof, a
quartz wafer, a glass wafer, an alumina (sapphire) wafer, a
SIC wafer, and an aluminum nitride wafer.

The handle wafer used in the present invention can be
appropriately selected from these wafers in accordance with
an object of a semiconductor device to be fabricated.

Furthermore, the wet etching can be performed by using an
etchant containing at least one of KOH, NH,OH, a mixed
solution of NH,OH+H,0,, NaOH, CsOH, EDP (ethylenedi-
amine-pyrocatechol), TMAH  (tetramethylammonium
hydroxide), and hydrazine.

The etchant used in the wet etching according to the present
invention can be appropriately selected from these materials.

Moreover, the dry etching can be performed by using a gas
containing at least one of SF, NF,, CF,,, CHF;, HBr, Cl,,, O,,
and H,.

The etching gas used in the dry etching according to the
present invention can be appropriately selected from these
materials.

According to the method for manufacturing an SOI wafer
of the present invention, etching can be performed at a rela-
tively high etching rate on the rough etching stage, and film
thickness uniformity of the SOI layer can be increased on the
precise etching stage. As a result, since a high polishing rate
and high film thickness uniformity can be obtained at the
entire etching step for the SOI layer, the SOl wafer having the
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SOl layer with a small film thickness of, e.g., 100 nm or below
and high film thickness uniformity can be manufactured with
excellent productivity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow diagram showing an example of an etching
step in a method for manufacturing an SOl wafer according to
the present invention; and

FIG. 2 is a flow diagram showing an example of a method
for manufacturing an SOI wafer to which the method for
manufacturing an SOI wafer according to the present inven-
tion is applied.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be explained hereinafter in
detail.

As explained above, when a donor wafer is delaminated
and then a thickness of an SOl layer is reduced, a method such
as CMP has a problem of degradation in film thickness uni-
formity. On the other hand, when a PACE method or a GCIB
method is used to obtain an SOI layer having high film thick-
ness uniformity based on dry etching, there is a problem that
a processing time is long and productivity is considerably
low, for example.

The present inventors have performed examinations in
order to solve such problems. Basically, the PACE method or
the GCIB method is suitable for an object of etching a silicon
thin film having an uneven film thickness while correcting
film thickness uniformity. Thus, they have considered a
method for immersing an SOI wafer obtained after delami-
nating a donor wafer in an etchant, etching an SOI layer to
some extent based on wet etching, and then etching the SOI
layer while correcting film thickness uniformity based on dry
etching, e.g., the PACE method or the GCIB method. The
present inventors have conceived that adopting this method
enables correcting film thickness uniformity based on subse-
quent dry etching even if film thickness uniformity is
degraded due to wet etching that is hard to uniformly maintain
a film thickness and a total time required for an etching step
can be shortened because an etching time of dry etching can
be reduced without problem, thereby bringing the present
invention to completion.

Although embodiments according to the present invention
will now be explained hereinafter with reference to the draw-
ings, the present invention is not restricted thereto. A confor-
mation where a donor wafer is delaminated by a heat treat-
ment will be first explained hereinafter, but the following
conformation where the donor wafer is delaminated by apply-
ing a mechanical external force may be adopted.

FIG. 2 shows an example of a method for manufacturing an
SOI wafer to which the present invention can be applied.

First, as shown in FIG. 2(A), a donor wafer 10 formed of a
silicon substrate and a handle wafer 20 are prepared (Step 1).

At this time, although the donor wafer 10 is not restricted in
particular as long as it is a silicon substrate that can eventually
serve as an SOI layer (a single-crystal silicon layer), a single-
crystal silicon wafer (a single-crystal silicon wafer formed of
single-crystal silicon alone) or a single-crystal silicon wafer
having an oxide film formed on a surface thereof can be used,
for example. Besides, a single-crystal silicon wafer having a
silicon nitride or a silicon oxynitride formed on a surface
thereof can be used, for example.

On the other hand, as the handle wafer 20, any one of a
single-crystal silicon wafer, a single-crystal silicon wafer
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having a silicon oxide film formed on a surface thereof, a
quartz wafer, a glass wafer, an alumina (sapphire) wafer, a
SIC wafer, and an aluminum nitride wafer can be used, for
example. The handle wafer 20 can be appropriately selected
from these wafers in accordance with an object of a semicon-
ductor device to be fabricated. Of course, any other material
can be also used.

However, a combination of the donor wafer 10 and the
handle wafer 20 must be a combination that enables eventu-
ally forming an SOI structure (a structure where an SOI layer
is formed on an insulator) based on bonding.

FIG. 2(1) shows an example of using a single-crystal sili-
con wafer as the donor wafer 10 and a single-crystal silicon
wafer having a silicon oxide film 205 formed on a surface of
single-crystal silicon 20a (a single-crystal silicon wafer hav-
ing an oxide film) as the handle wafer 20.

Then, as shown in FIG. 2(2), a hydrogen ion is implanted
into the donor wafer 10 from a surface (an ion implanted
surface) 12 thereofto form an ion implanted layer 11 (Step 2).

When forming this ion implanted layer 11, not only the
hydrogen ion but a rare gas ion or both the hydrogen ion and
the rare gate ion may be implanted. Other ion implantation
conditions, e.g., an injection energy, an injection dose, an
injection temperature, and others can be appropriately
selected so as to obtain a thin film having a predetermined
thickness. As a specific example, a temperature of the wafer at
the time of injection is set to 250 to 350° C., an ion implan-
tation depth is set to 0.5 pum, an injection energy is set to 20 to
100 keV, and an injection dose is set to 1x10"° to 1x107/cm?,
but the present invention is not restricted thereto.

It is to be noted that, when a single-crystal silicon wafer
having a silicon oxide film formed on a surface thereof is used
as the donor wafer 10 to perform ion implantation through the
silicon oxide film, an effect of suppressing channeling of the
injection ion can be obtained, thereby further suppressing a
fluctuation of an ion implantation depth. As a result, an SOI
layer having higher film thickness uniformity can be formed.

Then, as shown in FIG. 2(3), the ion implanted surface 12
of'the donor wafer 10 is bonded to a bonding surface 22 of the
handle wafer 20 (Step 3).

For example, when the ion implanted surface 12 of the
donor wafer 10 is brought into contact with the bonding
surface 22 of the handle wafer 20 in a clean atmosphere at an
ordinary temperature, the wafers can be bonded to each other
without using, e.g., an adhesive. At the next Step 4, when
delaminating the donor wafer 10 based on a heat treatment,
pressing the donor wafer 10 and the handle wafer 20 against
each other at a room temperature at this bonding step can
suffice.

Subsequently, as shown in FIG. 2(4), delaminating the
donor wafer 10 at the ion implanted layer 11 enables reducing
a film thickness of the donor wafer 10, thereby providing an
SOI layer 31 (Step 4).

For example, when a heat treatment is applied to the
bonded wafer in an inert gas atmosphere of, e.g., Ar at a
temperature of approximately 500° C. or above for 30 min-
utes or more, the donor wafer 10 can be delaminated at the ion
implanted layer 11 based on rearrangement of a crystal and
agglomeration of air bubbles.

In this manner, an SOI wafer 30 having the SOI layer 31
formed on the handle wafer 20 can be obtained.

Then, a bonding heat treatment for increasing a bonding
power of the donor wafer 10 and the handle wafer 20 is carried
out. For example, this bonding heat treatment can be effected
in an inert gas atmosphere or a slightly oxidizing gas atmo-
sphere at 1000° C.to 1250° C. in the range of 30 minutes to 4
hours.
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Itis to be noted that the delamination heat treatment and the
bonding heat treatment can be simultaneously performed.

Subsequently, as shown in FIG. 2(5), the SOI layer 31 is
etched to reduce a thickness of the SOI layer 31 (Step 5).
Further, the present invention is characterized in that this
etching step is performed through the following respective
stages.

FIG. 1 is a flow diagram showing each stage effected dur-
ing the etching step (FIG. 2(5)) in the method for manufac-
turing an SOI wafer according to the present invention.

First, immediately after end of the delamination step as
Step 4, as shown in FIG. 1(a), the SOI layer 31 consisting of
single-crystal silicon is formed on the handle wafer 20. Fur-
thermore, an ion implantation damage layer 31a is formed
near a surface of the SOI layer 31 (a region close to the ion
implanted layer). A thickness of the ion implantation damage
layer 31a is usually approximately 0.1 to 0.12 um. An object
of etching the SOI layer 31 to reduce a thickness thereof is
obtaining the thin SOI layer 31 as well as removing this ion
implantation damage layer 31a.

Moreover, as shown in FIG. 1(5), the SOI wafer 30 is put
into a wet etching device, and the SOI layer 31 is subjected to
rough etching based on wet etching (Stage b).

An etchant in wet etching is not restricted in particular as
long as a certain degree of film thickness uniformity can be
obtained, and a usually utilized etchant can be used. For
example, it is possible to use an etchant containing at least one
of KOH, NH,OH, a mixed solution of NH,OH+H,O,,
NaOH, CsOH, EDP (ethylenediamine-pyrocatechol),
TMAH (tetramethylammonium hydroxide), and hydrazine.

It is to be noted that an etching removal on this rough
etching stage can be controlled based on an etching rate
determined by a type of an etchant or an etching temperature,
a time for performing etching, and others.

According to etching based on such wet etching, a film
thickness of the SOI layer 31 can be reduced at a relatively
high etching rate.

On the other hand, according to this etching based on wet
etching, uniformly etching the entire wafer surface is diffi-
cult, and etching unevenness of approximately +10% occurs.
Therefore, film thickness uniformity of the SOI layer 31 is
relatively poor, and a film thickness distribution of, e.g.,
approximately £10 to 30% is produced. Therefore, film thick-
ness uniformity of this SOI layer 31 is often deteriorated as
compared with that immediately after delamination of the
donor wafer 10 (see FIG. 1(a)).

However, such deterioration in film thickness uniformity
due to etching unevenness can be corrected on a subsequent
precise etching stage, and hence it cannot be a specific prob-
lem in the present invention.

Then, as shown in FIG. 1(¢), the film thickness distribution
of'the SOI layer 31 after rough etching is measured (Stage c).
The film thickness distribution can be highly accurately mea-
sured based on, e.g., an optical interference method or an
electrostatic capacitance method.

The next precise etching stage using dry etching is carried
out based on data of the thus measured film thickness distri-
bution.

Then, as shown in FIG. 1(d), the SOI wafer 30 is put into a
dry etching device, and precise etching using dry etching is
carried out based on the film thickness distribution of the SOI
layer measured on Stage ¢ (Stage d). An etching technique on
this precise etching stage is a technique that can precisely
correct film thickness uniformity, e.g., a PACE method or a
GCIB method.

The PACE method is a method for uniforming a thickness
of a wafer (a film thickness of the SOI layer) while locally
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etching the surface of the wafer by using a plasma gas, and the
wafer surface can have a high flatness degree by measuring a
thickness distribution of the wafer based on the optical inter-
ference method or the electrostatic capacitance method and
then controlling an amount of etching removal using the
plasma gas in accordance with this thickness distribution.

The GCIB method is a method for forming a massive atom
cluster of a gaseous material (a gas cluster) at an ordinary
temperature and an ordinary pressure, using an accelerating
voltage to accelerate a gas cluster ion generated by applying
electrons to this massive atom cluster, and irradiating the
wafer surface with this accelerated ion. Like the PACE
method, the wafer surface can have a high flatness degree by
measuring a thickness distribution of the wafer based on, e.g.,
the optical interference method or the electrostatic capaci-
tance method and then controlling an amount of etching
removal using the gas cluster ion in accordance with this
thickness distribution.

Specific conformations of the PACE method or the GCIB
method are not restricted in particular, and known appara-
tuses and methods can be appropriately used.

Moreover, an etching gas used on the precise etching stage
based on dry etching is not restricted in particular, but both the
PACE method and the GCIB method can be carried out by
using a gas containing at least one of SF, NF;, CF,, CHF;,
HBr, Cl,, O,, and H,.

It is to be noted that an etching removal on this precise
etching stage can be controlled based on a type of the etching
gas, a concentration of the etching gas, a pressure, and others
or a time for performing etching.

Additionally, in regard to a range of the etching removal on
this precise etching stage, a lower limit that enables suffi-
ciently correcting film thickness uniformity of the SOI layer
31 can suffice, and it can be set to, e.g., 10 nm or above,
though this value varies depending on a degree of film thick-
ness uniformity ofthe SOl layer after end of the rough etching
stage. Further, lowering an upper limit as much as possible is
preferable in order to improve productivity of the entire etch-
ing step, and it can be set to, e.g., 100 nm or below, though this
value likewise varies depending on a degree of film thickness
uniformity of the SOI layer after end of the rough etching
stage.

Furthermore, after end of this precise etching stage, film
thickness uniformity of the SOI layer 31 is improved as
compared with that obtained after end of the rough etching
stage.

Moreover, although an etching rate of this etching based on
dry etching is lower than that of etching based on wet etching,
rough etching is carried out before precise etching in the
present invention, and an etching removal on the precise
etching stage can be set to a small value. Therefore, a reduc-
tion in productivity can be suppressed to the requisite mini-
mum.

As explained above, sequentially carrying out the rough
etching stage and the precise etching stage enables perform-
ing etching at a relatively high etching rate on the rough
etching stage and increasing film thickness uniformity of the
SOI layer 31 on the precise etching stage. As a result, a high
polishing rate and high film thickness uniformity can be
obtained at the entire etching step for the SOl layer, and hence
the SOI wafer 30 having the SOI layer 31 with high film
thickness uniformity can be manufactured with excellent pro-
ductivity (with a high throughput).

It is to be noted that an etching removal on each of the
rough etching stage as Stage b and the precise etching stage as
Stage d can be appropriately optimized based on a total time
required for the etching step, film thickness uniformity of the
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finally obtained SOI layer, and others. In particular, when the
etching removal on the precise etching stage is set smaller
than the etching removal on the rough etching stage, the SOI
wafer having the SOI layer with high film thickness unifor-
mity can be further efficiently manufactured, which is pref-
erable. For example, when the etching removal at the entire
etching step (a total etching removal) is set to 150 nm, the
etching removal-based on rough etching can be set to 120 nm
corresponding to 80% of the total etching removal, and the
etching removal based on precise etching can be set to 30 nm
corresponding to 20% of the total etching removal.

Further, when a batch process is used on the rough etching
stage, a large quantity of SOI wafers can be etched at a time,
which is effective for improving productivity.

On the other hand, even ifthe SOI layer is etched by using,
e.g., a single-wafer processing type spin cleaner, an etching
rate of rough etching based on wet etching is high from the
beginning, which does not greatly affect a reduction in pro-
ductivity. Furthermore, when wet etching is performed by
using, e.g., the spin cleaner in this manner, uniform etching
can be performed as compared with the batch process, and
hence there is a merit that etching can be performed to obtain
athickness close to a target final film thickness and an etching
time of the precise etching stage can be reduced.

Moreover, when the above-explained steps (FIGS. 2(1) to
2(5) and FIGS. 1(a) to 1(d)) are used, the SOI wafer 30 in
which a film thickness of the SOI layer 31 is as very thin as,
e.g., 100 nm or below and the SOI layer 31 has high film
thickness uniformity can be manufactured with excellent pro-
ductivity.

Additionally, since delamination of the donor wafer 10
before the etching step is carried out by using the ion implan-
tation/delamination method, a film thickness of approxi-
mately 2 pm or below can be previously given to the SOl layer
after end of the delamination step and before the etching step.
Even in the present invention that further reduces the thick-
ness of the SOI layer by etching, the etching removal at the
etching step can be set to a minimum value. Therefore, a time
required for the etching step is short, thus increasing produc-
tivity.

Further, since the bonding method for bonding the two
wafers is adopted, a film quality of the SOI layer 31 is high as
compared with that obtained by a so-called SIMOX method.

Meanwhile, as explained above, as to delamination of the
donor wafer 10, the donor wafer 10 may be delaminated by
applying a mechanical external force. Such an example will
now be explained hereinafter.

After end of the ion implantation step (Step 2), a surface
activation treatment is performed with respect to the ion
implanted surface 12 of the donor wafer 10 and the bonding
surface 22 of the handle wafer 20.

Of course, the surface activation treatment may be per-
formed with respect to one of the ion implanted surface 12 of
the donor wafer 10 and the bonding surface 22 of the handle
waver 20.

At this time, it is preferable to carry out the surface activa-
tion treatment based on at least one of a plasma treatment and
an ozone treatment. When the surface activation treatment is
carried out based on at least one of the plasma treatment and
the ozone treatment, the surface subjected to the surface acti-
vation treatment is activated. For example, OH groups of this
surface are increased. Therefore, when the ion implanted
surface 12 of the donor wafer is pressed against the bonding
surface 22 of the handle wafer in this state, the wafers can be
more firmly bonded to each other based on, e.g., hydrogen
bonding.
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When the treatment is performed by using a plasma, a
wafer subjected to cleaning, e.g., RCA cleaning is put in a
vacuum chamber, a plasma gas is introduced, and then the
wafer is exposed to a high-frequency plasma of approxi-
mately 100 W for approximately 5 to 30 seconds to perform
a plasma treatment with respect to a surface thereof. As the
plasma gas, it is possible to use a plasma of an oxygen gas
when processing a single-crystal silicon wafer having an
oxide film formed on a surface thereof, or a hydrogen gas, an
argon gas, a mixed gas of these gases, or a mixed gas of the
hydrogen gas and a helium gas when processing a single-
crystal silicon wafer having no oxide film formed on a surface
thereof. Further, a nitrogen gas as an inert gas may be used.

When the treatment is performed by using an ozone, a
wafer subjected to cleaning, e.g., RCA cleaning is set in a
chamber having atmospheric air introduced therein, a plasma
gas, e.g., a nitrogen gas or an argon gas is introduced, a
high-frequency plasma is produced, and oxygen in the atmo-
spheric air is converted into an ozone, thereby performing the
ozone treatment with respect to a surface of the wafer.

Then, the ion implanted surface 12 of the donor wafer is
pressed against the bonding surface 22 of the handle wafer
(Step 3).

When the surface subjected to the surface activation treat-
ment is determined as a bonding surface and the wafers are
pressed against each other under a reduced pressure or a
normal pressure at a room temperature in this manner, both
the wafers can be sufficiently firmly bonded to each other so
that they can resist subsequent mechanical delamination even
if a high-temperature treatment is not performed.

It is to be noted that a heat treatment step for performing a
heat treatment with respect to the appressed wafers at 100 to
400° C. may be effected after the step of pressing the donor
wafer and the handle wafer against each other.

When the appressed wafers are subjected to the heat treat-
ment at 100 to 400° C. after the donor wafer and the handle
wafer are pressed against each other in this manner, bonding
strength of the donor wafer and the handle wafer can be
increased. In particular, when a heat treatment temperature is
100 to 300° C., a possibility of occurrence of thermal dam-
ages, cracks, delamination, and others due to a difference
between thermal expansion coefficients is low even if differ-
ent material types of wafers are bonded to each other. Increas-
ing the bonding strength enables reducing occurrence of fail-
ures at the delamination step.

Then, a mechanical external force is applied to the bonded
wafers to delaminate the donor wafer 10, and a film thickness
of the donor wafer 10 is reduced to provide the SOI layer 31
(Step 4).

For example, the donor wafer 10 and a back surface of the
handle wafer 20 (a surface opposite to the bonding surface)
are held by holding jigs, an external impact shock is given to
a position near the ion implanted layer 11 by, e.g., a wedge-
shaped member or a high-pressure fluid such as air, a nitrogen
gas, or pure water to start delamination of the donor wafer 10
while applying a force that can separate both the holding jigs
from each other, and both the holding jigs are relatively sepa-
rated from each other. Consequently, the donor wafer 10 is
gradually separated from the handle wafer 20 at the ion
implanted layer 11 from one end portion to which the external
impact shock has been given toward the other end portion,
thereby delaminating the donor wafer 10.

After the delamination step (Step 4) for the donor wafer 10
is carried out in this manner, the etching step (Step 5) is
effected by sequentially performing wet etching and dry etch-
ing like the example where delamination is performed based
on the heat treatment.
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10
EXAMPLES

Although the present invention will now be specifically
explained based on examples and comparative examples, the
present invention is not restricted thereto.

Example 1

An SOI wafer was manufactured by a method of perform-
ing delamination of a donor wafer based on a heat treatment
as follows in accordance with the method for manufacturing
an SOI wafer of the present invention depicted in FIGS. 2 and
1.

First, as Step 1, a mirror-polished single-crystal silicon
wafer having a diameter of 200 nm was prepared as a donor
wafer 10. Further, a silicon oxide film layer having a thickness
of 100 nm was formed on a surface of the donor wafer by
thermal oxidation.

Furthermore, a single-crystal silicon wafer having a diam-
eter of 200 mm was prepared as a handle wafer 20. Moreover,
a silicon oxide film 204 having a thickness of 1 um was
formed on a surface of the handle wafer by thermal oxidation.

Then, a hydrogen ion was implanted into the donor wafer
10 through the silicon oxide film layer formed thereon,
thereby forming a micro bubble layer (an ion implanted layer)
11 at an average progress depth of the ion in parallel with the
surface (Step 2). As ion implantation conditions, an implan-
tation energy is 35 keV, an implantation dose is 9x10'%cm?,
and an implantation depth is 0.3 pm.

Subsequently, an ion implanted surface 12 of the donor
wafer 10 was brought into contact with and bonded to the
handle water 20 through the silicon oxide film 205 in a clean
atmosphere at an ordinary temperature (Step 3).

Then, a heat treatment was applied in an Ar gas atmosphere
at 500° C. for 30 minutes to delaminate the donor wafer 10 at
the ion implanted layer 11 (Step 4). That is, a delamination
step was carried out based on the heat treatment.

Subsequently, a bonding heat treatment was effected in an
Ar gas atmosphere containing 1% of oxygen at 1000° C. to
1250° C. for 1 hour, thereby increasing a bonding power of
the donor wafer 10 and the handle wafer 20.

Then, an etching step as Step 5 was carried out through the
following stages.

First, a rough etching stage based on wet etching using a
KOH liquid solution was carried out to etch an SOI layer 31
for approximately 120 nm (a stage a).

Subsequently, a film thickness distribution of the SOl layer
31 was measured based on an optical interference method
(Stage b).

Then, a precise etching stage as dry etching was used to
etch the SOI layer 31 for approximately 30 nm based on a
PACE method using an SF gas (Stage c¢).

In this manner, the SOl layer was etched for approximately
150 nm in total.

Example 2

Like Example 1, a delamination step as Step 4 was carried
out in the form of delamination based on a heat treatment, but
a dry etching step as Stage c in an etching step as Step 5 was
performed by using a GCIB method, thereby manufacturing
an SOI wafer.

Example 3
Processing was performed like Example 1, but delamina-

tion of a donor wafer 10 was carried out by applying a
mechanical external force as follows.
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After ion implantation at Step 2, an ion implanted donor
wafer 10 was put in a plasma treatment device, nitrogen was
introduced as a plasma gas, and then a high frequency of
13.56 MHz was applied to a space between parallel plate
electrodes each having a diameter of 300 mm under condi-
tions of a reduced pressure of 2 Torr (270 Pa) and a high-
frequency power of 50 W, thereby effecting a high-frequency
plasma treatment to an ion implanted surface for 10 seconds.
In this manner, the ion implanted surface of the donor wafer
10 was subjected to a surface activation treatment.

On the other hand, a handle wafer 20 was put in a plasma
treatment device, a nitrogen gas as a plasma gas was intro-
duced into a space between narrow electrodes, and then a high
frequency was applied to the space between the electrodes to
generate a plasma, thereby performing a high-frequency
plasma treatment for 10 seconds. In this manner, a bonding
surface of the handle wafer 20 was also subjected to a surface
activation treatment.

Surfaces of the donor wafer 10 and the handle wafer 20
subjected to the surface activation treatments as explained
above were determined as bonding surfaces, the donor wafer
10 and the handle wafer 20 were pressed against each other at
aroom temperature, and then back surfaces of both the wafers
were strongly pressed in a thickness direction (Step 3).

Then, a wafer in which the donor wafer 10 is appressed
against the handle wafer 20 was subjected to a heat treatment
at 300° C. for 30 minutes in order to increase bonding
strength.

Subsequently, the donor wafer 10 and the back surface of
the handle wafer 20 were held by holding jigs, an external
impact shock was given to a position near the ion implanted
layer 11 by a gas fluid to start delamination of the donor wafer
10 while applying a force that can separate both the holding
jigs from each other, and both the holding jigs were relatively
separated from each other. Consequently, the donor water 10
was gradually separated from the handle wafer 20 at the ion
implanted layer 11 from one end portion having the external
impact shock given thereto toward the other end portion,
thereby delaminating the donor wafer 10 by the mechanical
external force (Step 4).

Then, an etching step as Step 5 was carried out by effecting
a wet etching stage, then measuring a film thickness distribu-
tion of an SOI layer, and carrying out a dry etching step based
on the PACE method like Example 1.

Example 4

A delamination step as Step 4 was performed in the form of
delamination using a mechanical external force like Example
3, but a dry etching step as Stage ¢ in an etching step as Step
5 was performed by using a GCIB method, thereby manufac-
turing an SOI wafer.

Comparative Example 1

A delamination step as Step 4 was carried outin the form of
delamination using a heat treatment like Example 1, but an
etching step as Step 5 was carried out based on a wet etching
stage alone using a KOH liquid solution without adopting
such a stage as depicted in FIG. 1, thereby manufacturing an
SOI wafer.

Comparative Example 2
A delamination step as Step 4 was performed in the form of

delamination using a mechanical external force like Example
3, but an etching step as Step 5 was effected based on a wet
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etching stage alone using a KOH liquid solution without
adopting such a stage as depicted in FIG. 1, thereby manu-
facturing an SOI wafer.

Comparative Examples 3 and 4

A delamination step as Step 4 was performed in the form of
delamination based on a heat treatment like Example 1, butan
etching step as Step 5 was carried out based on a dry etching
stage alone adopting the PACE method (Comparative
Example 3) or the GCIB method (Comparative Example 4)
using an SF, gas without using such a stage as depicted in
FIG. 1, thereby manufacturing an SOI wafer.

Comparative Examples 5 and 6

A delamination step as Step 4 was carried out by using a
mechanical external force like Example 3, but an etching step
as Step 5 was performed based on a dry etching stage alone
adopting the PACE method (Comparative Example 5) or the
GCIB method (Comparative Example 6) using an SF, gas
without utilizing such a stage as depicted in FIG. 1, thereby
manufacturing an SOI wafer.

The following Table 1 collectively shows a method for
manufacturing an SOI wafer, a total time required for the
etching step as Step 5, and film thickness uniformity of an
SOI layer in each of Examples 1 to 4 and Comparative
Examples 1 to 6.

Itis to be noted that a total time required for the etching step
is a period from a moment at which an SOI wafer is put into
a wet etching device to a moment at which the SOI wafer is
carried out from a dry etching device in Examples 1 to 4. A
total time required for the etching step is a period from a
moment at which the SOI wafer is put into each etching
device to amoment at which the SOl wafer is carried out from
each etching device in Comparative Examples 1 to 6.

TABLE 1
Etching
step Film
Delamination  Ftching total time thickness
step step (minutes) uniformity (%)
Example 1 Heat Wet + PACE 15 5
treatment
Example 2 Heat Wet + GCIB 15 5
treatment
Example 3 Mechanical Wet + PACE 15 5
external
force
Example 4  Mechanical Wet + GCIB 15 5
external
force
Comparative Heat Wet 5 30
Example 1 treatment
Comparative Mechanical Wet 5 30
Example 2 external
force
Comparative Heat PACE 60 5
Example 3 treatment
Comparative Heat GCIB 60 5
Example 4  treatment
Comparative Mechanical PACE 60 5
Example 5 external
force
Comparative Mechanical GCIB 60 5
Example 6  external
force

Each of Examples 1 to 4 conforms to the present invention
where the etching step is carried out on two stages, i.e., wet
etching and dry etching (the PACE method or the GCIB
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method), and was able to obtain high film thickness unifor-
mity of approximately 5%. Further, although the wafer must
again put into the dry etching device from the wet etching
device, a time required for the etching step where the SOI
layer is etched for 150 nm is as short as approximately 15
minutes in each of these examples.

Furthermore, using either the delamination method for per-
forming delamination based on a heat treatment and the
delamination method for performing delamination by apply-
ing a mechanical external force enabled obtaining the effect
of the present invention.

In each of Comparative examples 1 and 2, the etching step
was performed based on wet etching alone, and a time
required for the etching step was as short as approximately
five minutes as compared with Examples 1 to 4, but film
thickness uniformity of approximately 3% with a great fluc-
tuation was obtained.

In each of Comparative Examples 3 to 6, the etching step
was performed based on dry etching (the PACE method or the
GCIB method) alone, and film thickness uniformity was
approximately 5% which is equivalent to that in each of
Examples 1 to 4, but productivity was poor since a time
required for the etching step was as long as approximately 60
minutes.

Based on the above-explained results, according to the
method for manufacturing an SOI wafer of the present inven-
tion, it was revealed that the SOI wafer having the SOI layer
with high film thickness uniformity which is substantially
equivalent to that of an SOI layer etched based on dry etching
like the PACE method or the GCIB method can be manufac-
tured with far better productivity than that in the conventional
examples.

It is to be noted that the present invention is not restricted to
the foregoing examples. The examples are just exemplifica-
tions, and any examples, which have substantially the same
structures as technical concepts described in claims of the
present invention and demonstrate the same functions and
effects are included in the technical scope of the present
invention.

What is claimed is:

1. A method for manufacturing an SOI wafer comprising at
least:
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a step of preparing a handle wafer and a donor wafer
formed of a silicon substrate, the handle wafer being
selected from the group consisting of a quartz wafer, a
glass wafer, an alumina (sapphire) wafer, a SiC wafer,
and an aluminum nitride wafer;

an ion implantation step of implanting at least one of a
hydrogen ion and a rare gas ion into the donor wafer to
form an ion implanted layer;

a bonding step of bonding an ion implanted surface of the
donor wafer to a bonding surface of the handle wafer;

a delamination step of delaminating the donor wafer at the
ion implanted layer to reduce a film thickness of the
donor wafer, thereby providing an SOI layer; and

an etching step of etching the SOI layer to reduce a thick-
ness of the SOI layer, wherein:

the etching step includes:

a stage of performing rough etching as wet etching;

a stage of measuring a film thickness distribution of the
SOI layer after the rough etching; and

a stage of performing precise etching as dry etching by a
PACE method or a GOB method based on the mea-
sured film thickness distribution of the SOT layer,

the method is performed without forming an etch stop

layer, and

an etching removal on the precise etching stage is set
smaller than an etching removal on the rough etching
stage and is set in a range of 10 nm to 100 nm.

2. The method for manufacturing an SOI wafer according

to claim 1, wherein a silicon substrate as the donor wafer is a
single-crystal silicon wafer or a single-crystal silicon wafer
having a silicon oxide film formed on a surface thereof.

3. The method for manufacturing an SOI wafer according
to claim 1, wherein the wet etching is performed by using an
etchant containing at least one of KOH, NH,OH, a mixed
solution of NH,OH+H,0,, NaOH, CsOH, EDP, TMAH, and
hydrazine.

4. The method for manufacturing an SOI wafer according
to claim 1, wherein the dry etching is performed by using a
gas containing at least one of SF, NF;, CHF;, HBr, Cl,, O,,
and H,.



